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SUMMARY 


f 


A  study  was  made  of  the  parameters  affecting  the  formulation  and  application 
of  an  aqueous  suspension  of  activated  carbon  to  surfaces  In  order  to  decon¬ 
taminate  same.  This  approach  Involves  combining  of  activated  carbon,  a 
thlxotrope,  dispersant,  corrosion  Inhibitor,  pigment,  antifreeze  and  carrier 
Into  a  sprayable  slurry.  A  petroleum  based  carbon  was  found  to  be  superior 
to  the  coal,  coconut  and  wood  based  cavbon  in  that  It  provided  a  stable, 
sprayable,  olive  green  slurry. 

Spraying  and  adhesion  test  were  successfully  completed  to  prove  this 
particular  suspension  satisfactory. 
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I.  INTRODUCTION  AND  BACKGROUND 


The  objective  of  this  work  is  to  develop  a  universal  decontaminating  system 
for  persistent  chenrlcal  agents  using  micronized  activated  carbon.  The 
decontaminating  system  must  be  effective  against  persistent  chemical  agents 
and  is  designed  to  the  following  goals. 

1.  Act  rapidly  over  a  wide  temperature  range. 

2.  Be  non-toxic. 

3.  Not  damage  material  and  equipment  on  contact. 

4.  Be  easily  and  rapidly  applied  to  vehicular  equipment, 
clothing  and  ancillary  equipment. 

This  program  is  conducted  In  three  phases,  i.e.,  (A)  vehicular  decontaminants 
in  the  form  of  a  sprayable  suspension,  (B)  clothing  and  individual  equipment 
decontaminants  in  the  form  of  dry  powders,  and  (C)  scale-up  methods  and 
equipment  for  large  volume  manufacture  and  dispensing. 

This  quarterly  report  pertains  exclusively  to  the  aqueous  suspensions  for 
spray  application  for  vehicular  and  related  equipment  decontamination. 


II.  DISCUSSION 

A.  Objective  of  Phase  I 

Phase  I  of  the  program  involves  the  formulation  of  an  activated  carbon 
aqueous  suspension  that  will  give  maximum  vapor  absorption  when  sprayed 
onto  a  surface.  This  suspension  was  formulated  from  a  carbon,  thixotrope, 
dispersant,  pigment,  corrosion  inhibitor,  alcohol  and  water. 

Primary  objectives  are  to  (1)  formulate  a  suspension  that  will  give  maximum 
stability  during  storage  for  two  years,  (2)  can  be  eastly  poured  and  applied 
by  spraying  to  give  a  coating  of  3-4  mg/sq.  cm.  of  dry  active  carbon,  with 
sufficient  adhesion  to  resist  some  degree  of  abrasion  while  retaining  the 
maximum  absorptive  power. 

B.  Establishment  of  Basic  Materials,  Equipment  and  Methods  of  Investigation 

Work  reported  in  the  first  and  second  quarterly  progress  reports  details  how 
the  following  selections  were  made  of  materials,  equipment,  and  methods  of 
investigation 

1.  Activated  Carbons  -  Wood,  coal,  petroleum  coke,  and  coconut  shell  based 
carbons  were  evaluated.  The  average  particle  size  cf  each  of  the  carbons 
was  1-2  microns. 
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Carbon 


Manufacturer 


CWS  -  Coal  Based 
Darco  KB  -  Wood  Based 
Type  ACC  -  Petroleum  Coke  Based 
Type  UU  -  Coconut  Shell  Based 


Pittsburgh  Activated  Carbon  Company 
Atlas  Chemical  Company 
Union  Carbide  Company 
Barnebey-Cher.ey 


2.  Thixotropic  Agents  -  Thixotropes  were  selected  on  the  basis  of  non-film 
forming  properties  and  efficiency  as  thickening  agents. 


I*E£ 

Montmoril Ionite  (Bentonite  Clay) 
Resin  Grade  Asbestos 
Pyrogenic  (Fumed)  Silica 
Microcrystalline  Nylon 


Trade  Name/Manufacturer 
Bentonite/Fisher  Scientific 
RG-244/Unlon  Carbide 
Aerosil-COK  84/DeGussa,  Inc. 
Aviamide-6P/FMC  Corporation 


3.  Dispersants  -  Anionic  dispersing  agents  were  used  to  effectively  separate 
the  carbon  parti  cl es  for  stability. 


Type 

Polymerized  Salt  of  Alkyl 
Naphthalene  Sulfonic  Acid 

Partially  Desulfonated  Sodium 
Liquosulfonate 

Sodium  Salts  of  Polymerized 
Substituted  Benzol d  Alkyl 
Sulfonic  Acid 

Water  Miscible  Polymer 


Trade  Name/Manufacturer 


DAXAD  1 1/W.  R.  Grace  Company 
Marasperse  CB/ American  Can 

Darvan  No.  2/R.  T.  Vanderbilt 
Nopcosant  K/Nopco  Chemical 


Pigments  -  To  give  an  olive  green,  the  following  solid  pigments  were 
evaluated. 


Jm. 

Iron  Oxide 

Phthalocyanine  Green 
Cadmium  Yellow 
Cadmium  Yellow 
Cadmium  Orange 


Trade  Name/Manufacturer 
Mapico  1100  Yellow/Columbian  Carbon  Co. 
Color  No.  W-6012/Harshaw  Chemical  Co. 
Color  No.  1489/Harshaw  Chemical  Co. 

Color  No.  AZO  W-1215/Harshaw  Chemical  Co. 
Color  No.  151G/Harshaw  Chemical  Co. 


5.  Corrosion  Inhibitor  -  To  inhibit  rust,  the  following  chemicals  were 
evaluated. 

Type  Source 

Sodium  Chromate  Fisher  Scientific 

Sodium  Silicate  Fisher  Scientific 

6.  Sol  vent/ Anti  freeze  -  As  a  carrier  and  antifreeze,  tne  following  was 
used.  LSi‘ 

Water  -  Demineralized  60  parts  by  volume 

Methyl  Alcohol  40  parts  by  volume 

7.  Mixing  Equipment  -  After  evaluating  three  different  mixing  techniques, 
i.e. .the  ball  mill,  homogenizer  and  Cowles  dissolver;  the  homogeni zer 
type  mixer  was  found  to  be  superior  from  the  standpoint  of  uniformity 
and  ease  of  mixing.  The  detailed  evaluation  is  described  in  the  first 
and  second  quarterly  progress  reports. 

8.  Methods  of  Evaluation  and  Investigation  -  Due  to  the  infinite  number 
of  possible  combi  nations  of  materials  and  mixing  equipment,  key  com¬ 
binations  of  materials  were  selected  and  evaluated  based  on  uniformity, 
stability,  color,  ease  of  mixing  and  viscosities.  It  is  the  intention 

to  first  establish  the  most  efficient  thixotrope  based  on  a  high  viscosity; 
second,  establish  the  most  effective  dispersant  based  on  a  low  viscosity; 
third,  add  active  carbon  until  a  workable  viscosity  is  formed,  and 
fourth,  determine  the  optimum  percent  concentration  of  dispersant  by 
measuring  the  viscosity  and  observing  the  stability  at  1,  2,  3,  and  4 
percent  concentration.  Generally,  materials  were  eliminated  from  the 
program  based  upon  their  performance  when  put  into  suspension. 

C.  Evaluation  of  Each  of  the  Different  Based  Carbons  in  Suspension 

1.  CWS  Carbon  -  Coal  Based 


The  coal  based  activated  carbon  used  in  this  evaluation  was  manufactured 
by  the  Pittsburgh  Activated  Carbon  Company.  The  carbon  supplied  to 
Brunswick  by  Edgewood  Arsenal  had  an  average  particle  size  of  1.5  u 
and  a  pH  value  of  10.0  in  aqueous  solution.  The  surface  area  measured 
1000-1100  sq.  meters/gram  with  a  CCL^  activity  of  65V 

The  different  thixotropic  and  dispensing  agents,  shown  in  Section  B, 
were  first-  evaluated  for  effects  on  aqueous  slurries  of  CWS  activated 
carbon.  Formulations  were  prepared  with  each  thixotrope,  i.e.,  bentonite, 
asbestos,  pyrogenic  silica  and  microcrystall ine  nylon,  and  are  shown 
in  Table  I . 

Experiments  79,  83,  87,  and  87-A  show  effects  of  each  of  the  thixotrcpes 
when  using  Oarvan  No.  1  as  the  dispersing  agent.  As  this  series  of 
experiments  show,  bentonite  was  tne  most  efficient  thixotropic  agent  in 
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that  it  gave  the  highest,  most  stable  viscosity.  Experiments  115,  115, 

117  and  118  were  performed  under  the  same  condition  substituting  DAXAD  11 
as  the  dispersant.  Results  again  show  bentonite  to  be  the  most  efficient 
thixotropic  agent  by  giving  the  highest  viscosity  with  the  ether  additives 
being  held  constant. 

It  was  concluded  from  these  two  series  of  experiments  that  bentonite 
is  a  superior  thixotropic  agent  to  either  asbestos,  pyrogenic  silica 
or  microcrystalline  nylon  when  using  the  CWS  coal  based  carbon. 

After  selecting  bentonite  as  the  thixtrope  agent  for  cWS  carbon, 
different  dispersing  agents,  DAXAD  11,  Darvan  No.  2,  Marasperse  CB, 
and  Nopcosant  K  were  evaluated  for  their  effectiveness  in  lowering 
the  viscosity.  Experiments  115,  119,  120,  and  121  (Table  II)  show 
initial  evaluations  of  the  dispersants.  By  assuming  the  lower  viscosity 
indicates  a  better  dispersion  of  carbon  particles,  experiment  120,  using 
Marasperse  CB  dispersant,  was  selected  for  additional  evaluation. 

By  analyzing  experiments  134,  135,  137,  and  141  (Table  III)  it  can  be 
seen  that  carbon  loadings  up  to  40%  (Exp.  137)  are  possible  using 
Marasperse  CB,  however,  these  slurries  become  glue-like  in  texture 
with  a  significant  drop  in  viscosity  during  storage.  Experiments 
144,  145,  and  147  were  conducted  to  maximize  carbon  loading  with  a 
more  stable  viscosity.  Experiment  145  using  DAXAD  11  gave  both  a 
carbon  content  of  31.7%  and  more  stable  viscosity  during  storage. 
Therefore,  DAXAD  11  was  chosen  as  the  superior  dispersant. 

After  selecting  bentonite  as  the  most  efficient  thixotrope  and 
DAXAD  11  as  the  dispersing  agent,  the  next  step  was  to  determine 
the  optimum  percent  concentrations  of  DAXAD  11.  This  was  done  by 
conducting  the  experiments  shown  in  Table  IV.  The  results  are  also 
shown  charted  in  Figure  1.  Experiments  115,  149,  150,  and  151  were 
conducted  with  a  300  gram  CWS  carbon  loading  (v  25%)  with  12,  24, 

36,  and  48  grams  (^  1,  2,  3,  &  4%)  of  DAXAD  II  dispersant. 

Experiments  152,  145,  153,  and  154  contained  395  grams  (31%)  carbon 
loading.  As  the  results  show,  there  is  a  significant  difference  in 
reaction  of  the  DAXAD  11  to  the  percent  carbon  loadings.  This  data 
indicates  optimum  to  be  2%  DAXAD  11  dispersant  with  each  carbon 
loading. 

The  next  series  of  experiments  were  prepared  to  test  the  effect  of 
corrosion  inhibitors.  Experiments  145,  172,  and  176,  shown  in  Table  V, 
give  the  resulting  viscosities  of  suspension  prepared  with  sodium 
chromate  and  sodium  silicate  inhibitors.  Both  Experiments  176  and  172, 
containing  .48%  and  .96%  sodium  silicate  inhibitor,  show  a  drop  in 
viscosity  with  eventual  settling.  Sodium  silicate  did  show  a  slight 
increase  in  pH  over  the  sodium  chromate.  Based  on  stability  of  the 
suspensions,  sodium  chromate  is  selected  as  the  better  corrosion 
inhibitor. 


-10- 


Experiments  145,  184,  185,  186,  and  201,  shown  in  Table  VI,  were 
conducted  to  evaluate  the  effect  of  various  mixing  times  using 
the  L-1  Laboratory  Homogeni  zer.  As  the  results  shrw,  each  increased 
mixing  time  produced  a  higher  viscosity,  however  no  apparent 
stabilization  of  the  viscosities  was  achieved.  It  was  concluded 
that  additional  mixing  time  beyond  thirty  (30)  minutes  does  not 
improve  the  stability  of  the  CWS  suspensions.  The  solvent  content 
of  Experiments  145  and  201  measured  55.8%  and  55.5%  respectively, 
therefore  solvent  evaporation  during  mixing  did  not  produce  the 
increased  viscosities. 

Various  types  of  pigments  were  evaluated  to  produce  an  olive 
green  color.  Cadmium  lithopone  yellows,  oranges  and  phthalocyanine 
green  pigments  supplied  by  Harshaw  Chemical  Company  were  added  to 
CWS  suspension  in  concentrations  up  to  6.3%.  As  Table  VII  shows, 
Experiments  191  with  the  Azo  yellow  and  193  with  the  cadmium 
lithopone  gave  considerable  increases  in  viscosity  without  the 
desired  olive  green  color.  A  6.3%  concentration  of  phthalocyanine 
green  remained  black.  The  Mapico  1100  yellow,  iron  oxide,  pigment 
did  give  the  desired  olive  green  at  a  4.8%  level,  therefore  was 
selected  over  the  other  pigments  tested. 

After  making  final  selections  of  a  thixotrope,  dispersant,  pigment 
and  corrosion  inhibitor  for  use  with  the  CWS  carbon,  some  adjustments 
were  made  in  solvent  content.  With  a  carbon  content  of  31.60%  and  a 
solvent  content  of  60.71%  the  resulting  viscosity  was  in  the  25,000 
centi poise  range.  As  can  be  seen  by  Spray  Test  No.  12,  tne  coverage 
over  the  test  panel  was  in  the  20  mg/cnr  range  indicating  the  viscosity 
was  too  high  for  effective  spraying.  Also  the  resulting  spray  gave  a 
spattered,  non-uniform  coating  again  indicating  the  material  to  be 
thick.  The  solvent  content  was  then  increased  to  63.03%  (reducing 
the  carbon  to  29.59%)  which  resulted  in  a  viscosity  in  the  12-14,000 
centipoise  range.  Slurries  in  this  viscosity  range  can  be  effectively 
sprayed, 

A  typical  formulation  for  CWS  carton  used  both  for  testing  sprayability 
and  adhesion  would  be  as  follows: 


Ingredient 


Actual  Weight  Percent  Formula  Wt. 


Carbon:  CWS  Carbon  385  a  29.59 

Thixotrope:  Bentonite  6  g  .46 

Dispersant:  DAXAD  11  24  g  1.84 

Pigment:  1100  Yellow  60  g  4.61 

Corrosion  Inhibitor:  Sodium  Chromate  6  g  .46 

Solvent:  (60/40  Water-Methanol)  820  ml  63.03 

Mixing  Time:  Thirty  (30)  minutes  using  the  L-1  Laboratory  Homogenizer 
Typical  Viscosity  at  24  hours  14,000  cps  Helipath 

after  mixing  11,000  cps  #4  @  1 0  RPM 

5,500  cps  #4  @  20  RPM 

pH  Value  10.4 

Carbon  Particle  Size  1-2  u  (avg.) 
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_ i2JLN!2S^ . . 

Solvent,  Water/Alcohol  60/40  By  Vol 


MIXING  TECHNIQUE:  Homo genizer,  min. 


CHARACTERISTICS _ 

VjscosUXi._CP.  . . . 

j  lined.  ;:c».. 

|  After  #4  9  10  RPM _ 

i  Mx  #4  (J  20  RPM 


After 

7 

Days 


After 

14 

Days 


After 

30 

Days 


Hell  path  "C" 
#4  9  10  RPM 
*4  9  20  RPM 


Hell  path  "C“ 
M'J  10  RPM 
.-iAJL.20.RPH-. 


Hell  path  "C" 
i/4  ¥  10  RPM 
#4  9  20  RPM 


6,800  1 ,900 
3,400  |  1,050 


9,000  2,200 


1,100 


3,600 


12,000  2,900 


3,000 

1  ,000' 

7,000 

1,800 

"3 , 

2,800 

500 

5,700 

1,100 

2, 

1 ,500  ! 

300 

2,875 

575 

1, 

4,000 

500 

10,000 

2,000 

4, 

3,600 

200 

7.900  | 

1 , 200 

3, 

1,300 

600 

—  xrrr.~\ 

1, 

2,500 


1 ,600 


775 


2,900 


[ml 


*13,000  !  2,100  i  5,300 


10.5  I  10.3  \  10.2 


'  5,200 

14,000 

1  •  800  '2,900 
[«u—/  •£  <uwfaiMMnw«n«j 

1  2,000  !  7,000 

i  1,1  7> 

rv  tc~  .  w 

!  2,500 

11,300 

1,100 

i - ; 

:  5,000 

~  j 
o  i 

5,550  ! 

600 

2,550 

|  1 ,  GOO 

wmrm 
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TABLE  ! I 


FORMULATION  NO. 


COMPOSITION  BY/WT 


CARBON  SUSPENSIONS 
CWS  CARBON  -  DISPERSANT  EVALUATION 


115  119'  120 


*MOST  EFFICIENT  DISPERSANT 


TABLE  I  I  I 


CARBON  SUSPENSIONS 
CVS  CARBON  -  DISPERSANT  EVALUATION 


FORMULATION  NO. 

134 

135 

137 

141 

144 

145 

147 

COMPOSITION  BY/WT. 

Carbon  CWS 

425  g 

450  g 

Ac 

500 *g 

.tual  Wt. 

450  g 

430  g 

395  g 

325  g 

Thixotrope  0)  Bentonite 

6  g 

6  g 

6  g 

9  g 

6  g 

6  g 

6  g 

(2) 

• 

(3) 

. 

(4) 

Dispersant  (1)  Marasperse  CB 

L2tiLj3 

mm 

RSI 

24  q 

(2)  Darvan  No.  2 

( 3)  DAXAD  11  ...  ■  . . 

• 

mm 

(4)  Nopcosant  K 

24  g 

Pigment  1 100  Yellow 

60  q 

60  q 

*  60  q 

60  q 

60  g 

60  g 

60  g| 

Corrosive  Inhibitor  (1)  Na„C  0, 

mm 

W9 

wm 

Hi 

wm 

6  q 

-  — - £  '  r '  “■  ■ 

...  (.2).  _ 

i 

Solvent,  Water/Alcohol  60/40  By  Vol. 

756  ML 

756  ML 

756  ML 

756- ML 

756  ML 

756  ML 

756_mL 

MIXING  TECHNIQUE  :  Homogen izer,  min. 

30+30 

30 

30 

30 

30 

30 

! 

30  !' 

CHARACTERISTICS 


TABLE  IV 

CARBON  SUSPENSIONS 

CWS  CARBON  -  PERCENT  DISPERSANT  EVALUATION 


FORMULATION  NO. 


COMPOSITION  BY/WT. 


Carbon 


Jhl xotrope  (1)  Bentonite 

D _ 

(3) 


Dispersant  (1)  DAXAD  11 
’(2) 


1100  Yellow 


Corrosive  Inhibitor  (1)  Na2Cr°< 

'  •  .  ■  _i2L„._ ...  _ _ 

>o1vent,  Water/Alcohol  60/40  By  Vol. 


MIXING  TECHNIQUE:  Homogenizer,  min. 


HARACTERISTICS _ 

.Vis  COSity,_Cf  . 

.  .  Hel 1 pa cn  "C" 

After  #4  g  10  RPH _ 

H1*  H  S  20  KPM 


After  - - 


115 

149 

300  g 

300  g  j 

6  g 

6  9  | 

Actual  Wt. 


395  9 

395  9 

- - 

- - 1 

12  g  24  g  I  36  g  j  48  g  12  g  j  24  gt 


’60  g|  60  g  60  g  j  60  g 


6_gj _ _6_g 


756  MLj  756  HL  |  756  r.Lj  75b  MLj  7  56 
3 


60  g  60  g 


6 


7,000  4,000  5,000 

5 j_700_  3,000  3,600 

2,875  1,575  1,750 


10,000  6,000 


7,900 


4,000  2,050  i  2,100 


5,500  25,000  I6,500j8,000_b6,u- >‘ 
3,650  22 , 900  13, 6.50_  1 3 , 200  |)  5 ,  £oO 

1 ,875  [  1 1 , 450 j.  6,650  f  6,850  |s,7  0 


28,000  16,000  (21 ,500  24,000 
26,400  T3T0OO  (i  6,  tod  ;l  7’kOU 
2,140 !  13,800  "1”,  32  5~t  8JOO'  |6 , 50C 


_ pH _ _ _ 

NOTES:  , 

—  Best  Available  Cop 


.J _ L 


000 1 


i  OAXAD  11  Dispersant 


FIGURE  1  -  EFFECT  OF  *  DISPERSANT  ON  0Pl(CWS)  CARBON  SLURRIES 


-  i  6~ 


TABLE  V 


cws 


i 

I 

i 


FORMULATION  NO. 


COMPOSITION  BY/WT. 


Carton  CWS _ __ 

t*"  nr-R?  Bentoni  tc 


(3) _ 

_ 

Dispersant  (1)  DAXAD  11 _ 

"(2) _ 

_ 

_ 

Pigment  1100  Yellow _ 

Corrosive  Inhibitor  (1)  Na2Cr^4 

Zm  _ _ 

Solvent,  Mater/Alcohol  60/40  By  Vol - ,  m 
MIXING  TECHNIQUE:  Homogenizer,  minutes 


CHARACTERISTICS 


Viscosity, _Cf 


Itneo. 

After 

Mix 


Hel  ip„th  "C" 
14  i_iO_RPM 
#4  @  20  RPM 


After 

Helipath  "C" 

24 

Hours 

After 

Helipath  "C" 

7 

14  @  10  RPM 

Days 

_ |4  1  20  RPM  _ 

After 

He,  1  path  "C" 

14 

#4  V  10  RPM 

Days 

.  14.  12  RPM. . . 

helipath  "C" 

After 


0, 


«4  g  10  RFM 
#4  20  3PM 


ns 

Li 

0  qj 

60 

a. 

60 

6  Q 

■Hi 

6 

9 

6 

756 

756 

60 

90 

1$, 500  19,000 
13,650  14,300 
6,650  7,100  i 


16,000  29,000 


19.800 


20,000  2  8l,  000  [45,000 
1 5  J00  20)2C)0 128,000 
7,625|  9,900 j 14,400 


28,000;  27,000148,000 


18*000 :  19,000; 32,200 


9,6501 16,400 


23,500 134,000 :  32,000 |  41,000  53,000 


23,200  |  29,400' 35,600 


17.600  25,100 


^  8_ii5041 2,5001  12 ,000j  15.100:  1^,000  | 
■25,000 ! 36, 000 |  34,000 |  42 ,000  60,000  1 
<1 9 ,600  26,200;  25,000 33 . 20.  32,500' 
9,800  J2, 800  1 2 . 2CC  16,500  ;cq00 

-  -I —  •  I  ■  — ~  __  V.  y  t  •  / , .  - 

28,000  34,000  34,000  45,000  5'/  000 


22,000; 26, 400  23.600 1  33.20C 


1,100  13,700  13,500’  !  7, 500i-  16.000  ! 


1C.0 


12.2CC^  16,500  ;<7tooo 


FORMULATION  NO. 


COMPOSITION  BY/WT. 


Carbon  CWS 


2.  Darco  KB  Carbon  -  Wood  Based 


The  wood  based  carbon  is  manufactured  by  the  Atlas  Chemical  Company  and 
is  supplied  with  an  average  particle  size  of  1.2  u.  The  pH  value  in 
aqueous  solution  is  approximately  5.2  with  a  surface  area  of  600-700 
square  meters/gram  and  a  CCL^  activity  of  84%. 

In  evaluating  Darco  KB  carbon,  the  same  general  plan  of  experimentation 
was  used  as  with  the  CWS  carbon.  Experiments  95,  96,  97,  103,  104,  and 
106,  shown  on  Table  VIII,  give  results  when  the  carbon  is  combined  with 
each  of  the  thixotropic  agents.  After  solvent  adjustment  was  made 
(Exp.  95,  96,  and  97)  to  keep  the  slurry  sufficiently  fluid  to  mix, 
slurries  were  prepared  with  each  of  the  thixotropes  using  DAXAD  11 
as  the  dispersant.  By  analyzing  Experiments  97,  103,  104,  and  106, 
it  can  be  concluded  that  bentonite  was  the  most  efficient  thixotropic 
agent,  in  that  it  gave  the  highest  workable  viscosity.  Although  R6-244 
asbestos,  shown  in  Experiment  103,  gave  a  very  high  viscosity,  in 
order  to  prepare  a  mixable  slurry  it  would  be  necessary  to  (1)  lower 
the  carbon  content  below  24%,  (2)  lower  the  thixotrope  below  1/2%, 
which  would  not  be  a  sufficient  amount  to  hold  the  carbon  particles 
in  suspension,  or  (3)  raise  the  solvent  content,  all  of  which  are 
undesirable. 

It  was  concluded  from  this  series  of  experiments  that  bentonite  is 
the  superior  thixotropic  agent  with  Darco  KB  wood  based  carbon. 

In  evaluating  dispersants  with  the  Darco  KB-bentonite  system,  slurries 
were  prepared  as  shown  in  Table  IX.  It  can  be  seen  that  Darvan  No.  2 
give  the  lowest  viscosity,  indicating  the  best  dispersion  of  carbon 
particles.  Experiment  148  was  conducted  using  a  cationic  dispersant, 
Ammonyx  856,  but  the  data  shows  the  anionic  dispersants  gave  a  lower 
viscosity  indicating  better  dispersion.  Darvan  No.  2  dispersant  was 
selected  for  further  evaluation. 

Table  X  shows  results  of  increasing  the  carbon  content  of  the  Darco 
KB-bentonite  system  and  the  effect  on  viscosities.  Experiment  143 
gave  the  maximum  loading  at  25.4%  carbon  with  the  lowest  viscosity. 

This  was  accomplished  with  the  Darvan  No.  2  as  the  dispersant. 

Experiment  136  shows  the  two  step  procedure  used  to  arrive  at  the 
maximum  carbon  loading. 

With  the  Darco  KB  carbon,  bentonite  was  selected  as  the  thixotrope 
and  Darvan  No.  2  as  the  dispersant.  To  determine  the  optimum  percent 
contentration  of  dispersant,  a  series  of  experiments  were  made  and 
the  results  shown  in  Table  XI  and  Figure  II.  Unlike  the  coal 
based  carbon  (CWS)  suspensions,  Darco  KB  wood  based  carbon  slurries 
show  a  sharp  drop  in  viscosity  as  the  percent  dispersant  is  raised  to 
5%.  As  shown  in  Figure  II,  the  viscosity  of  the  26%  carbon  loaded 
slurry  was  stabilized  between  3%  and  5%  with  only  a  slight  decrease 
in  viscosity  at  the  5%  level. 
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The  data  indicates  the  optimum  to  be  3%  of  Darvan  No.  2  dispersant 
with  the  carbon  loading  of  25. 2%. 

Table  XII  gives  results  of  investigating  sodium  chromate  and  sodium 
silicate  as  the  corrosion  inhibitor.  Although  the  suspension  con¬ 
taining  sodium  silicate  remained  very  stable  during  storage,  the  pH 
was  unacceptably  low  at  6.1.  Sodium  chromate  was  selected  as  the 
corrosion  inhibitor. 

In  finalizing  the  selection  of  the  Darco  KB  carbon  suspension, 
Experiments  159,  189  and  199,  shown  in  Table  XIII,  were  conducted. 
After  90  minutes  mixing  time,  the  suspensions  showed  large 
Increases  In  viscosity  with  some  friction  heating  being  experienced 
with  Experiment  No.  199.  Again  solvent  evaporation  was  not  the 
apparent  cause  of  the  viscosity  increase.  Therefore,  it  Is  con¬ 
cluded  that  a  thirty  (30)  minute  mix  time  produces  a  uniform 
suspension  with  no  improvements  in  stability  by  additional  mixing. 

Pigment  evaluation  shown  by  Experiments  159,  206,  207,  and  208  in 
Table  XIV  for  the  most  part  produced  the  same  resuTts  as  with  the 
CWS  carbon.  Maplco  1100  yellow,  iron  oxide,  gave  a  suitable  olive 
green  at  5.05%  while  higher  concentrations  (5.44%)  of  the  cadmium 
lithopones  resulted  in  color  gradients  ranging  from  dark  green 
to  black.  Again  the  Iron  oxide  pigment  was  chosen  to  give  the 
olive  green. 

Of  the  different  based  carbons  formulated  and  tested,  the  Darco  KB 
appears  to  be  the  least  attractive  for  a  spray  application.  In  order 
to  prepare  a  sprayable  slurry  it  was  necessary  to  adjust  the  solvent 
content  upward  to  67.26%  which  gave  a  carbon  content  of  24.29%.  The 
resulting  viscosity  measured  24  hours  after  mixing  was  17,000 
centipoise.  As  is  characteristic  of  this  particular  carbon,  the 
viscosity  continues  to  drop  during  storage  however  does  appear  to 
stabilize  after  30  days. 

After  formulation  adjustments  to  give  a  sprayable  system  a  typical 
formulation  used  for  both  testing  sprayability  and  adhesion  would  be 
as  follows: 


Ingredient 

Actual  Weight 

Percent  Fornul 

Carbon:  Darco  KB 

325  g 

24.29 

Thixotrope:  Bentonite 

6  g 

.45 

Dispersant:  Darvan  No.  2 

36  g 

2.69 

Pigment:  1100  Yellow 

65  g 

4.86 

Corrosion  Inhibitor:  Sodium  Chromate 

6  g 

.45 

Solvent:  (60/40  Water- Me thane 1 ) 

900  ml 

67.26 

Mixing  Time:  Thirty  [30)  minutes  using 

the  L-l  Laboratory  Homogeni zer 

Typical  Viscosity  at  24  hours 

17,000  cps  He li path 

after  mixing 

14,800  cps  #4 

9  10  RPM 

7,450  cps  *4 

@  20  RPM 

pH  Value 

10.4 

Carbon  Particle  Size 

1-2  „  (avg.) 

-21- 


TABLE  VIII 


CARBON  SUSPENSIONS 
DARCO  KB  CARBON  -  THIXOTROPES 


FORMULATION  NO. 
COMPOSITION  BY/WT. 

Carbon  DARCO  KB 


Benton i te 


Actual  Wt. 

m  g  300  9 
6  g 


(3)  COK  -84 


Nylon 

-6 

D 

11 

(2)  Darvan  No.  2 


1 1 00  Ye  1 1  cm 


Corrosive  Inhibitor  (1)  Na.c  o 


_ 

Solvent,  Water/Alcohol  60/40  By  Vol. 


MIXING  TECHNIQUE:  Homogenizer,  min. 


CHARACTERISTICS 


956  ML 

85  6‘  ML 

30 

30 

14,000  12,800 


12,500  11,800 


6,300  6,050 


11,000  10,000 


’0,800 


Hell  path  T* 


#4  @  20  R.' 


3,625  7.20C 

8.8  1  8.8 


5,350  4,000 

".■itiKTrigrxMyr  ir  ,  - 1 

u _ i-i  1 
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TABLE  IX 


FORMULATION  NO. 


COMPOSITION  BY/WT. 


Carbon  DARCO  KB 


Thlxotrope  (1)  Bentonite 

_ _ (D _ 

(3) 


CARBON  SUSPENSIONS 
DARCO  KB  CARBON  -  DISPERSANTS 


97 


300  g  300  g 


6  g 


Actual  Wt. 


300  g 


Dispersant  (1)  DAXAD  li 


(2)  Nopcosant  K 


Solvent,  Water/Alcohol  60/40  By  Vol. 


MIXING  TECHNIQUE  :  Homogen izer,  min. 


CHARACTERISTICS 


Vis  cos  1  ty .  CP _ 

Imed. _  - 

After  14  0  10  RPM 

M1*  #4  0  20  RPM 


#4  9  10  RPM 
#4  O  20  RPM 


60  g  60  g  60 


6  g  6  gj  6  g 


856  ml!  856  mu' 856  ML 


30  30 


16,000  30,000  13,000  7,000 
_  14,700  26,000  _i 1 ,540  6,700 
7,650  13,950|  6,0001  3,475 


13,200  18,800 


1 1 , 700 1  16,000 
6. 1 75i  0,425 


Hellpath  "C 

13,0001 15,000 

#4  0  IQ  RPM _ 

11 ,800';  14,600 

7,300!  4,000 


6, 3001  3,100 


3,35c1  1,700 


6,000;  3,600 


#4  e  20  RPM 


Hell  path  "C" 
#4  0  10  RPM 


#4  0  20  RPM 


6,300  7,700' 


14,800! 16,000! 
1 13,550, 15,500 


I  7,2001  8,150' 


8.8 


2,600>  1.70C 


6,300j  4,000 

5,600:  3,600 


2,950  1,950 


856  ML 


30 


12,100 


32,000 


12,000 


,850 

,  ^50j 

i  2,075  ! 

11.7501 

30,0001 
— - T 

1 3,000! 


[I] 
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2,6i 

7.6 


FORMULATION  NO. 
COMPOSITION  BY/WT. 

Carbon  DARCO  KB 
Thlxotrope  ( 


TABLE  X 

CARBON  SUSPENSIONS 
DARCO  KB  CARBON  -  %  DISPERSANT 

133  13f  143 


Actual  Wt. 
300  g  325  g  325  g  I  325  g 


Jenton \  te 


Dispersant  (1)  daxad  11 


(2)  Darvan  No.  2 


CB 


1. _ 

_ 1 100  Yel  low 


Corrosive  Inhibitor  (1)  Na„C  0 


Solvent,  Hater/Alcohol  60/40  By  Vol. 


MIXING  TECHNIQUE:  Homogen izer,  min. 


CHARACTERISTICS _ 

Vlsooslt 


I*d.  - 

After  #4  j  10  RPM 
Mix  a a  n  on  onu 


856  ML 

856  ML 

»  30 

30 

(33,000) 


25,000  25,000  42,000 


24,000  22,700  34,000 


16,500  12,300  12,200  19,250 


TABLE  XI 


FORMULATION  NO. 


COMPOSITION  BY/WT. 


Carbon  DARCO  KB 


CARBON  SUSPENSIONS 

DARCO  KB  CARBON  -  %  DISPERSANT  EVALUATION 


148  155  156  158  162 


1)  Bentonite 


856  ML 

856  ML 

856  ML 

856  ML 

30 

30 

30 

30 

CHARACTERISTICS 


Viscosity.  CP _ 

Imed. 

After  #4  &  10  RPM 
M1*  .  #4  £  20  RPM 


7.000  JioiOO .  10.000  _  ^000  .  ]  J 000 
.  6,700  13,300  8,800  5,100  525 
!  3,475  6,800  4,500  2,62^1  350 


DARCO  KB 


FORMULATION  NO. 


COMPOSITION  BY/MT. 
Carton  DARCO  KB 


^hixotrope  (1)  Bentonite 

_l2l _ 

(3) 


_ LM _ 

Dispersant  (1)  Darvan  No.  2 

(2) _ _ 

_ 

_ _ 

Plpaont _ 1  100  Yellow 

Corrosive  Inhibitor  (1)  Na^o, 

-121 _ 

Solvent,  Mater/Alcohol  60/40  By  Vo3. 
MIXING  TECHNIQUE  :  Homogenize,  min. 


CHARACTERISTICS 

ilSQg.ttt.-6g _ 


TABLE  XI  (Cont'd) 

CARBON  SUSPENSIONS 

IRBON  -  %  DISPERSANT  EVA 

LUATION 

157 

143 

159 

160 

163 

HI 

325  g 

325  g 

m 

SB 

1 

■ 

6  g 

6  g 

1 

6  g 

6  g 

■ 

_ ^ 

-  XI 

12  g 

24  g 

36  g 

48  g 

60  g 

— 

60  g 

mm 

mm 

60  Q 

60  g 

6  g 

6  g 

6  9 

mm 

6  g 

_ 

856  ML 

856  ML 

856  ML 

856  ML 

856  ML 

30 

30 

30 

30 

30 

- 

J3^o  oo 

24.800 

25,000 

14.000 

J  3x500 

13.000 

• 

22.700 

1 i . 900 

!0.4U0 

_7J*50. 

- 

14.800 

12,200 

5,925 

5,325 

3,925 

22,000 

21,000 

10,000 

9,000 

7,500 

r*"11 

21,500 

20,000 

8,900 

6,800 

4,450 

4,550 

3,575 

2,500 

: 

- 

- J 

* 

- 

ta*  < 

•  ' 

L 

1 

— 

. 

—  ... 

- 1 

1 

rn 

_ i _ _ 

1 

1  .  .  • 

r 

_ i 

- * -  — 

1 

i 

_ L 

c_ 
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FORMULATION  NO. 


COMPOSITION  BY/MT. 


Cartoon  DARCO  KB _ _ _ 

Jhlxotrcpe  (1)  Bentonite _ 

_ 

(3) _ _ 

_ £A1 _ 

Dispersant  (1)  DAXAD  11 _ _ 

(2) _ 

_U) _ 

-14} _ 

Pigment _ 1  100  Yel  i  CM 

Corrosive  Inhibitor  (I)  Na,,Cr0 

_ (2}-Jj^^.Q3- _ - 

Sc 1  vent,  Mater/Alcohol  60/40  By  Vol, 
MIXING  TECHNIQUE  :  Hotnogcni2er,  min. 

CHARACTERISTICS _ 

Y.lscosl^y,  C f _ 

i„d.  Mlgijh  ^ _ 

After  14  j  10  RPM 

W<X  H  @  20  RPM 


After 

24 

Hellpath  "CM 

14  9  10  RPM 

Hours 

-14- fl  20  RPM 

After 

7 

Hell  oath  X" 

#4  9  10  RPM 

0<yS  #4  9  20  RPM 

After 

14 

Days 

Hellpath  "C" 

#4  0  10  RPM 

11^.RPJ1 . 

Hellpath  MCH 

After 

30 

#4  10  RPM 

#4  »  20  RPM 

TABLE  XII 


CARBON  SUSPENSIONS 


101 

102 

j  108 

300  g 

300  g 

A< 

300  g 

:tual  Wt 

m 

mm 

12  g 

1 

■ 

. .  .J 

— 

‘ 

■91 

12  g 

.  12  9 

■  . 

-  —  ■  „ 

».  ■  ..  . 

60  g 

60  g 

60  g 

6  9 

12  g 

l! 

mm 

| 

i 

856  HL 

mm 

mm 

1 

30 

30 

30 

i 

i< 

_ L. 

■  "V 


-J 


t 

21 .000' 

16,000 

16,000 

i 

• 

19,200 

14,500 

14,350 

9,600 

7,675 

7,400 

- - 

16.000 

14.000 

(EKE3 

13,900 

13,000 

! 

L-^200 

1 - 

19,000 

16,000 

15,000 

! 

16,200 

13,825 

13,750 

r " 

h- - - 

_ 

;  8,750 

7,150 

i 

r 

X* 

19,800!  J6,oooi  15,000;  i 

- 1 

1  17,050' 14,200 

1 - . . - 

- 1 

13,640  : 

i 

- {  **  a.SLYyr  1  V  L r  Tl 

1 19,100;  15,000’ 

-J^LZZZi - 

13,200 

T1"’ 

—  — , 

1 

1 11,400,  7,950 

6,500i 

i 

!  8.8  I  6.,  i 

8.0  J 

. T 

_ L 
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FORMULATION  NO. 


COMPOSITION  8Y/WT. 


Carbon  Darco  KB 


TABLE  XIII 

CARBON  SUSPENSIONS 
DARCO  KB  -  MIXING  TIME  EVALUATION 


159  189  199 


_ 

Solvent,  Water/Alcohol  60/40  By  Vol.ml 


MIXING  TECHNIQUE  :  Homogenizer,  Minutes 


CHARACTERISTICS _ 

Vlsooslty.  CP _  _ 

Imad.  - 

After  #4  9  10  RPM _ 

M1x  *4  @  20  RPM 


14*909;  55,000  94,000 J 
11.900  30,000  45,000  j  / 


5,925  22,000; 33,000  , 


'  +7 


FORMULATION  NO. 


COMPOSITION  BY/WT. 


Carton 


TABLE  XIV 

CARBON  SUSPENSIONS 
DARCO  KB  -  PIGMENT  EVALUATION 


159  206  207 


325  g  325  g  325 


6  g  6  g 


3.  ACC  Carbon  -  Petroleum  Coke  Based 


The  petroleum  based  carbon  was  supplied  by  Union  Carbide  in  granular 
form.  The  pH  value  in  aqueous  solution  measured  10.4.  The  surface 
area  is  980-1080  square  meters/gram  with  a  CCL^  activity  of  63%. 

As  discussed  in  the  Second  Quarterly  Progress  Report,  a  25  pound  batch 
of  ACC  carbon  was  ball  milled  for  48  hours.  The  average  particle  size 
after  milling  was  0.7  y  as  determined  by  the  Sub-Sieve  Analyzer.  Al¬ 
though  this  particle  size  is  slightly  less  than  desired  (1-2  y),  slurries 
were  prepared  for  testing  the  thixotropic  and  dispersing  agents.  An 
additional  25  pound  batch  of  ACC  was  prepared  to  the  desired  1-2  y 
concurrently  with  the  experiments  and  was  used  to  establish  final 
selection  of  ingredients. 

Experiments  98,  99,  122,  123,  124,  and  125  as  shown  in  Table  XV  were 
prepared  to  test  the  efficiency  of  the  bentonite,  asbestos,  pyrogenic 
silica  and  microcrystalline  nylon  as  thixotropes.  As  the  results  show, 
bentonite  was  the  most  efficient  thixotrope  by  giving  the  highest 
viscosities.  The  data  also  shows  the  effect  of  particle  sizes  on  both 
the  viscosity  and  stability  during  storage.  By  comparing  experiments 
99  and  122  it  can  be  seen  that  slurries  prepared  with  ACC  carbon  with 
an  average  particle  size  of  1.4  y  remains  more  stable  during  storage 
than  those  prepared  with  0.7  y  carbon  particles. 

After  selecting  bentonite  as  the  best  thixotrope  with  ACC  carbon, 
slurries  were  prepared  to  evaluate  each  of  the  dispersants.  Results 
are  shown  in  Table  XVI  with  carbon  loadings  of  36.3%.  Experiment  127 
using  Marasperse  CB  gave  the  lowest  viscosity  with  ACC  petroleum  based 
carbon  and  was  used  in  further  evaluation. 

It  should  be  noted  that  results  reported  in  Table  XVI  were  obtained 
using  ACC  carbon  with  an  average  particle  size  of  0.7  y,  all  of 
which  show  unacceptable  stability.  This  series  of  experiments  to 
select  the  most  efficient  dispersant  was  re-run  using  ACC  carbon  with 
a  particle  size  of  1-2  u. 

To  prepare  the  desired  particle  size,  a  25  pound  batch  of  ACC  carbon 
was  pulverized  using  the  Mikro-Pul verizer  and  then  ball  milled  for 
4-1/2  hours.  The  average  particle  size  after  milling  was  1.10  y  as 
determined  by  the  Sub-Sieve  Analyzer. 

Using  Bentonite  as  the  thixotrope,  slurries  were  prepared  to  evaluate 
the  various  dispersants  with  the  ACC  carbons.  As  shown  in  Table  XVI, 
Nopcosant  k  dispersant  produces  an  unmixable  slurry,  thus  was  eliminated 
from  further  consideration.  Experiments  167,  168,  and  169,  shown  in 
Table  XVII,  were  conducted  to  investigate  the  most  efficient  dispersant. 
Although  Harasperse  CB  gave  the  lowest  viscosity.  Experiment  167,  with 
a  carbon  loading  of  36.3%,  attempts  to  raise  the  viscosity  by  additional 
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carbon  were  unsuccessful.  Carbon  loadings  over  36.3%  result  in  the 
formation  of  heavy  glue- like  texture  that  would  be  impractical  to 
spray.  Dispersants  DAXAD  11  and  Marasperse  CB  produced  slurries 
that  form  the  gel-like  suspension  after  24  hour  storage. 

By  comparing  Experiments  167  and  169,  it  can  be  seen  that  DAXAD  11 
dispersant  produces  a  slurry  that  Increases  in  viscosity  during 
storage,  whereas  the  Darvan  No.  2  slurry  will  decrease  during 
storage.  Since  a  decrease  in  viscosity  during  storage  is  more 
desirable  for  a  spray  application  than  is  an  increase,  the  Darvan 
No.  2  was  selected  as  the  optimum  dispersant. 

After  selecting  the  Darvan  No.  2  dispersing  agent  for  use  with  the 
ACC  carbon,  Experiments  180,  181,  182,  183,  and  186  were  conducted 
to  determine  the  optimum  percent.  As  shown  in  Table  XVIII,  slurries 
containing  2,  3,  and  4  percent  of  Darvan  No.  2  gave  no  significant 
decreases  is  viscosity,  however  in  order  to  produce  a  thixotrope 
capable  of  holding  36%  carbon  in  suspension,  it  was  necessary  to 
increase  the  thixotrope  (bentonite)  content  from  .45%  to  .67%. 

These  results  are  also  charted  in  Figure  III. 

Table  XIX  show  results  of  evaluating  sodium  chromate  and  sodium 
silicate  as  corrosion  Inhibitors  in  the  ACC  carbon  slurries.  Al¬ 
though  the  sodium  chromate  resulted  in  a  higher  pH,  the  sodium 
silicate  suspension  gave  a  higher  degree  of  stability  during  storage. 

A  preliminary  selection  of  siduum  chromate  was  made  based  on  the 
higher  pH,  however  additional  storage  data  proved  sodium  silicate  to 
be  the  superior  corrosion  inhibitor. 

The  effect  of  additional  mixing  times  was  next  evaluated  on  the  ACC 
suspensions.  As  shown  in  Table  XX,  additional  mixing  produced  the 
least  changes  in  viscosity  of  the  four  different  based  carbons 
evaluated.  After  three  (3)  hours  the  Increase  was  cnly  6,000  centi- 
poise  with  approximately  4%  of  the  solvent  being  lost  due  to 
evaporation.  Here  again  the  gel-like  structure  was  formed  after  24 
hours  storage  with  the  thirty  (30)  minute  mixing  time.  Unlike  any  of 
the  other  carbon  suspensions  tested,  mixing  time  with  the  ACC  suspension 
can  be  used  to  produce  a  viscosity  desirable  for  spraying. 

ACC  carbon  slurries  containing  sodium  silicate  as  the  corrosion  inhibitor 
show  a  very  high  degree  of  stability.  As  can  be  seen  by  Table  XXI,  ACC 
suspensions  prepared  with  sodium  silicate  do  not  change  in  viscosity 
after  static  storage  for  30  days  and  longer.  Similar  suspensions  pre¬ 
pared  with  sodium  chromate  show  a  sharp  drop  in  viscosity  during  a  30 
day  storage  time.  Although  the  pH  value  is  slightly  lower  in  suspensions 
containing  sodium  silicate,  (^  8.0)  it  is  felt  that  the  high  degree  of 
stability  is  the  more  important  property. 
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TABLE  XV 


CARBON  SUSPENSIONS 
ACC  CARBON  -  THIXOTROPES 

■  .■  ■  - — - »■■■■■  r  — 


FORMULATION  NO. 

98 

99 

122 

123 

124 

125 

COMPOSITION  BY/WT. 

Carbon  ACC 

mu 

■ 

■ 

Thlxotrope  (1)  Bentonite 

6  g 

6  g 

6  g 

|| 

(2}  RG-2l*l* 

1 

!  6  g 

(3)  COK-81* 

f—  - 

! 

1 

* 

6  g 

(4)  Nvlon-6  (Powder) 

i 

1 

mm 

Dispersant  (1)  DAXAD  11 

12  g. 

mm 

12-9- 

12  g 

12  g 

1  12  g 

— 

(2)  Darvan  No.  2 

( 3)  Marasoerse  CB 

(4)  Nopcosant  K 

Pi nmont.  1100  Yellow 

60  g 

60  g 

60  g 

60  g 

60  g 

.  60  g 

Corrosive  Inhibitor  (1)  Na„C.0,. 

6  g 

um 

6  g 

6  g_ 

6  g 

■■ 

(2) 

| 

!jSP 

Solvent,  Water/Alcohol  60/40  By  Vol. 

756  ML 

756  ML 

756  ML 

wm 

MIXING  TECHNIQUE  :  Homogenizer,  min. 

30  ' 

30 

30 

30 

1  30 

’  30 

CHARACTERISTICS 


viscosity,  ur  ....... 

*  —  j  Hell  oath  -C" 

7^000 

13,000 

13,000 

8,000 

6,000 

4,000 

» 

I  mad.  • - c- 

After  10  RPM 

-  5.500 

11.700 

8,500 

4.500 

4,000 

2,200 

Mix  #4  ©  20  RPM 

2,800 

6,100 

4,650 

2,450 

2,150 

1,250 

Aftar  Hell  path  "C" 

6.000 

19,000 

11,000 

9,000 

24  #4 .  0  10  RPM 

BBS!! 

1 1 ,000 

*18,000 

16,100 

6,700 

6,700 

Hour5  .  .14  0  20  RPM 

2,750 

5,825 

9,150 

7,950 

3,450 

3,250 

,ftrir  Hell  oath  UC" 

6,700 

12,500 

23,000 

19,000 

|  10,000 

8,000 

7  #4  9  10  RPM 

5,300 

11,200 

17,200 

16,000 

6,775 

5,300 

Day*  |4  9  2C  R?M 

2,775 

5,900 

8,700 

7,950 

3,350 

10,000 

2,700 

9  ,*000 

s*r 

Aftjr  Heli path  ‘,C'* 

7,000 

13,000j 

27,000j  19,000  | 

14  #4  v  10  RPM 

5,500 

io,5oo[  19, too1 14,850  ;  7, 100 j 

6,200 

Dvs  #4  0  20  RPM 

2,850 

|  5,600!  10,100 

7,6C:  ’  3,550 1  3,200 

Hell  path  MCH 

7,000 

12.000I  34,000 

After 

30  i‘4  ©  10  RPM 

5,700 

j  10,400!  27,200 

f&ZEHBtM 

10,450 

Days  #4  0  20  RPM 

2,900 

I  5,650;  14,000 

!  12,400  |  4,625 

5,150  ’ 

_ _ 

11.0 

10. 8|  9.2 

1  9.2  !  9.3  i 

1  9.2 

L 

NOTES-  .  J.  Ball  milled  24  hours  -  Particle  Size  Average  1.65  in  1-2  lb,  batch  size 

2.  Ball  milled  1*8  hours  -  Particle  Size  Average  1.1*0  u  in  1-2  lb.  batch  size 

_ 3.  Ball  milled  2k  hours  -  Particle  Size^verage  0.70  u  in  25  lb.  batch  size 


I  MO Lt  nvi 


CARBON  SUSPENSIONS 
ACC  CARBONS  -  DISPERSANTS 


FORMULATION  NO. 

122 

— 

126 

127 

127-A 

1  128 

1 

i— . 

COMPOSITION  BY/WT. 

Carbon  ACC 

480  g 

480  g 

A< 

480  g 

:tual  Wt. 

528  g 

T 

1 

4  60  g 

Thixotrope  0)  Bentonite 

.  _  6.9 

8  g 

6  g 

12  g 

6  g 

— — . — — * 

p 

(2) 

(3) 

(4) 

Dispersant  (1)  oaxad  n 

1 

— 

mm 

HH 

1 

i 

(2)  Darvan  No.  2 

1 

■n 

mu 

| 

| 

mu 

(J]  Marasperse  CB 

■an 

■1 

(4)  Nopcosant  K 

L. _ ] 

12  g 

1 

PI qment  1100  Yellow 

60  g* 

_ 60  a 

HR 

HR 

Corrosive  Inhibitor  (1)  Na„c  0, 

M* 

mm 

mm 

mti 

- — - — 2  1  f  «♦  ■*-  ■ 

(2)  _  ..  __ 

r 

L___ 

j 

Solvent,  Water/Alcohol  60/40  By  Vol. 

756  ML 

756  ML 

756  ML 

11 

MIXING  TECHNIQUE  :  Homogenizer,  min. 

30  1 

30 

30 

30 

CHARACTERISTICS 

Viscosity.  CR 

— 

t  Hell  path  *'C"  __  _ I 

13,000  1 

litOQO. 

2,000 

38,000 

1 

* 

8,500 

28,800 

900 

!  19,000 

M1x  #4  9  20  RPM 

4,650 

15,300 

575 

10,350 

] 

After  Mlfiath  "C"  J 

25,000 

22,000 

1,000! 

17,000 

T 

24  JUg..i!UEM _ | 

18,000 

18,350 

500 

■XS3I 

HHB 

!iours  14  20. RPM 

9,150 

1  9,600 

325 

4,700 

| 

After  Heli path  "C" 

!  23,000 

14,000 

500 

7,000 

-  --  -  T-  j 

L  *  ... 

7  #4  0  10  RPM 

17,200 

10,850 

250 

3,700 

Days  #4  @  20  RPM 

8,700 

5,700 

175 

2,300 

1^0 

ro 

O  </i 

Af.Aw  Helipath  "C" 

27,000 

12.000; 

4oo : 

6,000 

7  — L 

0 

O  O 

ni  uur  r  i 

14  #40  10  RPM  j 19,400 j 

9 ,950  j  200 

r  vi  [ 

2,900*  1  > 

. 14  £  2.0.  RPM  ,10,100 ; 

5,150!  175 

1,600!  8  | 

\ 

Helipath  "C"  34,000' 

1  ™  , - f - 

14.5U01  500.  7,000;  •  I 

H 

1 

After  .  ^ 

30  #4  0  .0  RPM  ; 2 7 , 200 1 

12,000'  300! 

3,700! 

1 

0ays  #4  @  20  RPt-;  j  14,000 j 

6,150'  22p! 

-1  -  1 

2,250!  ! 

.  _ _  „  _J_9-2 

MM 

s.3  r~”! 

_ 1 „ 

— MATES ; FORMULATION  MADE  WITH  .7  ••  CARBON 
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TABLE  XVIII 


FORMULATION  NO. 


COMPOSITION  BY/WT 


CARBON  SUSPENSIONS 
ACC  CARBON  -  PERCENT  DISPERSANT 

1 80  T  i 31  [  182  j  183 


Th i xo trope  (1)  Benton i te 


2 


480  9  480  g 


6 


480  g 


Dispersant  (1)  Darvan  No,  2 


MM. 411 


Ye  1  low 


Corrosive  Inhibitor  (1)  Na2CrQ 


MIXING  TECHNIQUE:  Homogen izer,  minutes 


CHARACTERISTICS _ 

VllCOSjtJtxJfc . . . 

I  tied.  . 

After  #4  9  10  RPM _ 

M1x  0  20  RPM 

After-  - - 

24  ill  10  RPM _ 

Hours  a.  '  DDU 


l-'ll 

HI 


756 

756___ 

756 

756 

30 

30 

30 

30 

14,000 

8,150 
4,650 
|  7,200 
|  4,400 
l  2.6501 


1,800 

900 

650  j 
__&00i 


After 

7 

Days 

After 

14 

uays 


After 

30 

Days 


Hell  oath  "C" 
#4  9  10  RPM 
JA J  20  RPM 
Hell  path  “C" 
#4  0  10  RPM 
11 0 


#4  0  iu  RPM 
#4  *  2U  RPM 


.  _ _ _ _ j _ i_ 

hGIFS:  Formulations.  prepared  with  i.10  „  caroo 


°J 

5 

2 


4,000 


1 


FIGURE  3 


%  Darvan  No.! 2  Dispersant 
-  EFFECT  OF  %  DISPERSANT  ON  ACC  CARBON  SLURRIES 


TABLE  XIX 


CARBON  SUSPENSIONS 
ACC  CARBON  -  CORROSION  INHIBITOR 


FORMULATION  NO._ 
COMPOSITION  BY/WT. 


Carbon  ACC 

JThi xo trope  (1)  Bentonite 


-  121 


(3) 


111 


Dispersant  (1 )  Darvan  No. 


Ill 


141 


86 


480  g 


-1_SL 


187 


480  g 
_Li. 


24  g  24  1 


Piyment  _ lIQOJfejJow. 


Corrosive  Inhibitor  (1)  Na2Cr°4 


_  Ul  Naisi°i _ 

Sol  vent,  Water/Alcohol  60/40  By  Vol _mji 
MIXING  TECHNIQUE  :  Homoge.i  i  rer,  minutes 


10-SL 


6  g 


60  g 


Actual  Wt. 

| 


4 - 


756 

30 


!  _6_g_ 

756 


30 


CHARACTERISTICS 


Viscosity,  Cp 
j  ^  Hellpath  "C" 

After  .#4JJP_RPM _ ' 

Mlx  *f4  tJ  20  RPM 

|  5,000' 

'-5'250- 

3,225 

6,000 
_  3,900 
2,400- 

f 

-  -  - 

; 

: _ 1 

! 

l 

! 

After 

24 

— - -  } - - 

Hellpath  "C"  :  4.000! 

1  5,500: 

r  ■ 

#4  9  10  RPM 

;  2,300 

3,650! 

Hours 

1 

1,500 

2,300! 

After 

7 

Hell  Da th  “C" 

!  1,500 

r  .  1 

6,000. 

I 

i 

.  i 

#4  9  10  RPM 

j  1,100 

4. 50o| 

! 

Days 

#4  9  20  RPM 

i _  850 

2.750, 

1 

After 

Hellpath  HCM 

r  1,000-  6,000 
r~  - - ( 

Z.-T- 

_  ...z 

H 

.ays 

After 

•Days 


#4  10  RPM 

Hell  path  "0" 

s?4  *•  lU  RPM 


4~ 


85°  4,400 

700  2 ' 72j._ 

1 ,000  6,000  __ 

$00  4,500 


-4 


#4 


RPM 


—  _ 

GuliSu  Particle  S  i  ?e  1.10  j 


TOO 
i  6.5 


2,800 

8.0  < 


i.... 
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TABLE  XX 


CARBON  SUSPENSIONS 


CHARACTERISTICS 


Viscosity,^ 

f  '  l 

|  9,000 |  8,000 

! 

1 

ImeC. 

He'ipat,.  "C" 

10,500  M 1 ,000 

J 16,000  j 

After 

#4  $  10  RPM 

5,250p,2>0 

/  /  A 

O  ,  UUv 

7,100 

:  8,800  [ 

Mix 

20  RPM 

3,225  j  3,200 

4,000 

4,350 

5,300 

After 

He  11  pa  Ji  "C" 

4,000  '  4,500 

♦  -  •  ►  —  -  -< 

7,000 _ 

6,000 

[10,000  ! 

24 

f4  10  RPM  „  _ 

2,300'  2,700 

4,200 

3,400 

;  6^100  ; 

hours 

J4J..20  RPM .  .. 

1,500:  1,800 

2,700 

2,300 

,.  3,500  , 

After 

7 

HellDath  "C" 

' .500 ;  2.000 

3,800. 

5,000 

7,000 

#4  @  10  RPM 

i  1,100  1,500 

2,350 

3,350 

4,150 j 

Days 

#4  (J  20  RPM 

850:  1,100 

1,700 

2,400 

2,775 

After 

»  S 

Helipath  "C" 

,  1.000  1,500 

. 2*500 

4,000 

5,000 4 

14  e>  10  RPM 

850  1,100 

-  *-  -  ■  » 

1,500 

2,600 

3,500  ' 

Jays 

14  v  20.JPM  ^  ^ 

.700.  900  . 

1,450. 

2,075 

7  r  ri 

-  »  J  J  ^ 

Helipath  ”C" 

1,000  1,500 

3.000 

6,000 

6,00  0 

nfter 

"  "  ■ 

30 

S<*  \r  .0  RPM 

800  1,300 

2,100 

3.70. 

3,500 

Days 

#4  _«•  cJjRPM 

700,  1,050 

1,625 

2 .  K  - 

,  C  j  c 

.J* 

...LMi’-8  ; 

5.0  • 

9-C 

1  3-2  ; 

_  Solvent  Content,  * 

.  55.7 

'j  .  0  ; 

Particle 

S  i  ze :  i .  !  C 
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TABLE  XXI 

CARBON  SUSPENSIONS 
ACC  CARBON  -  CORROSION  INHIBITORS 


FORMULATION  NOJ _ 

COMPOSITION  BY/WT. 

Carbon  ACC 

Jhl xotrope  (I)  Bentonite 

_ 

(3) _ 

_ 

Dispersant  (1)  Darvan  No.  2_ 

(2) 


186 _ J90 _ j~  187 _ 


Actual  Wt. 

480  g  |  480  g  _  470  g  |  470  g 

— i-d — Li.  — 4—— 4  -  — 


24  g  I  24 


24  g  1  24 


380  gj 

I 


'  i 

-f  H 

! 

!  j 

1  H 


Pigment  * _ 1100  Yellow 

Corrosive  Inhibitor  (1)  Na2 


.  0)  Na2ii°3 _ 

Solvent,  Water/Alcohol  60/40  By  Vol. 


MIXING  TECHNIQUE  :  Hofnogen  i  ze  r ,  Minutes 


CHARACTERISTICS  _ 

Viscosity^  „_C? 

.  ,  Helipath  “C" 

After  0  10  RPM _ 

M1x  #4  t  JO  RPM 


!  9,000  {  8,000 


5,250)  3,250  | 
3,225  j  3,200 ! 


6,000  6,000  2,500 

_ 3,900  4,000_  1^,  425 

!  2,400  2,350  850 


Helipath  "C 


I  2.000 


#*♦  $ 

10  RPM 

j  1,100! 

1,5001 

|4  f 

iO  RPM 

850 ; 

1 ,1001 

’  ^  ■  ■■  ~~  '’  •'""t7  "  "  --‘==rrt 

Helipath  "C" 
f4  t>  ,C  RPM 
J4  'i  £9: 
Helipatn  "C"  _ 

j;  .j  ,o  RPv 


#4  rJ  JO  RPM___ 
i  c  ic  S  i  /e :  i .  10 


1,000  1 , 500 j  _ 

L  85°,  ]  •  100^ 

T  -TOP...  ?o£L_.r 

1,000  1,500 

600  1,300 


1  _ TOO  l,_050 

.... 


6,ooo  _  5,50°4  Li*??  ! 

4,400  3,700  1  I .000  ' 

2,/ 25  2,300;  650  j 

.  :  iro.W2b.. 

6,000  .  !  5 

4,500  j 


2,600 


8.0  |  8;_0 


Based  on  the  results  discussed  above,  using  the  ACC  carbon,  the 
following  selection  can  be  made. 


Ingredient 

Carbon:  ACC 
Th i xot  rope :  Ben  ton 1 te 
Dispersant:  Darvan  No.  2 
Pigment:  1100  Yellow 
Corrosion  Inhibitor:  Sodium  Silicate 
Solvent:  (60/40  Water-Methanol) 
Mixing  Time:  Thirty  (30)  minutes  usi 
Typical  Viscosity  at  24  hours 
after  mixing 

pH  Value 

Carbon  Particle  Size 


Actual  Weight  Percent  Formula  Wt. 


470  g 

34.99 

9  g 

.67 

24  g 

1.79 

78  g 

5.81 

6  g 

.45 

756  ml 

56.29 

the  l-l  Laboratory  Homogenizer 
6,000  cps  Helipath 
4,000  cps  #4  e  10  RPM 
2,300  cps  #4  @  20  RPM 
8.0 

1.1  u  (avg.) 


4.  UU  Carbon  -  Coconut  Shell  Based 


The  coconut  shell  based  carbon  used  for  this  evaluation  was  supplied  by 
Barnebey-Cheney  Company  in  50  x  200  mesh  size  particles.  The  pH  value 
measured  10.4  in  aqueous  solution.  The  surface  area  is  14-16,000 
square  meters/gram  with  a  CCL^  activity  of  100%. 

In  order  to  perform  the  required  number  of  experiments,  a  50  lb.  batch 
of  UU  was  ball  milled  for  16  hours.  The  average  particle  size  as 
measured  by  the  Sub-Sieve  Analyzer  was  0.7  y.  This  carbon  was  used 
to  prepare  suspension  for  testing  bentonite,  asbestos,  pyrogenic  silica 
and  nylon  thixotropic  agents.  As  the  data  in  Table  XXII  shows,  bentonite 
gave  the  highest  viscosities  and  is  considered  to  be  the  most  efficient. 
In  considering  particle  size  and  their  effect  on  viscosities,  experiments 
100  and  129  show  that  it  is  possible  to  attain  a  much  higher  carbon 
loading  with  1,2  u  than  0.7  y,  Also,  the  viscosity  of  the  slurry  con¬ 
taining  the  1.2  u  is  lower  and  more  stable  than  the  one  containing  the 
0.7  y  carbon.  Additional  UU  carbon  was  milled  to  the  desired  1-2  y 
particle  size  and  used  in  making  final  selection  of  materials. 

With  bentonite  being  the  most  efficient  thixotrope  with  the  UU  carbon, 
suspensions  were  prepared  to  evaluate  each  of  the  dispersants.  Experi¬ 
ments  129,  138,  139,  and  140  shown  in  Table  XXIII  qive  the  results  of 
this  evaluation.  Using  a  carbon  loading  of  32.2%  (paricle  size  0.7  u) 
in  each  experiment,  Marasperse  CB  appeared  to  give  a  better  dispersion 
of  carbon  particles  indicated  by  the  low  viscosity.  Considering  the 
effect  of  particle  size  on  percent  carbon  loading,  viscosity  and 
stability,  this  series  of  experiments  performed  to  select  the  most 
efficient  dispersant  was  repeated  using  UU  carbon  with  a  particle  size 
in  the  1-2  u  range. 
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A  25  pound  batch  of  UU  carbon  was  pulverized  using  the  Mi kro-Pul verier 
and  then  ball  milled  for  4-1/2  hours.  The  average  particle  size  as 
measured  by  the  Sub-Sieve  Analyzer  was  I .50  y.  Having  selected 
bentonite  as  the  most  efficient  thlxotrope,  suspensions  were  prepared 
to  evaluate  the  dispersants.  Here  again  as  Table  XXIII  shows,  the 
Nopcosant  K  dispersant  gave  unsatisfactory  dispersions  and  was 
eliminated  from  further  study.  Experiment  161,  164,  165,  166,  170  and 
171,  listed  in  Table  XXIV  show  Darvan  No.  2  to  be  the  most  efficient 
dispersant.  Using  a  carbon  loading  of  31X  (particle  size  1.50  y) 

Darvan  No.  2  appeared  to  give  the  best  dispersion  with  the  lowest 
viscosity. 

Experiments  166,  170  and  171  using  a  concentration  of  2%  Darvan  No.  2, 
show  that  a  maximum  carbon  loading  of  34.8%  is  possible  for  this 
particular  dispersant. 

After  selecting  Darvan  No.  2  as  the  dispersing  agent  with  UU  carbon, 
the  optimum  percentage  of  this  dispersant  was  next  evaluated  and  is 
shown  in  Table  XXV.  As  this  series  of  experiments  show,  additional 
amounts  of  dispersant  over  2%  had  very  little  effect  on  viscosities. 
These  results  are  also  shown  In  Figure  IV. 

Experiments  shown  in  Table  XXVI  were  conducted  to  evaluate  sodium 
chromate  and  sodium  silicate  as  corrosion  inhibitors.  By  comparing 
Experiments  170  and  179  it  can  be  seen  that  suspensions  prepared  with 
sodium  silicate  had  much  higher  viscosities  than  did  the  slurries 
containing  sodium  chromate  with  only  slight  increase  in  pH  value. 

Sodium  chromate  was  selected  as  the  corrosion  inhibitor. 

The  effect  of  mixing  time  was  next  evaluated  using  a  2%  concentration 
of  Darvan  No.  2  dispersant.  Results  listed  in  Table  XXVII  show  that 
increases  in  mixing  time  give  corresponding  increase  in  viscosity. 

It  appears  that  a  mix  time  of  sixty  (60)  minutes  will  be  sufficient 
to  provide  a  uniform  slurry  that  will  form  a  gel-like  structure  after 
24  hours  and  will  hold  the  34. 8*  carbon  in  suspension. 

Table  XXVIII  show  results  of  evaluating  various  pigments  to  produce 
an  olive  green.  Concentrations  up  to  ^  5%  of  the  cadmium  lithopones 
gave  a  gradient  from  dark  green  to  black.  Approximately  5X 
(4.95X)  of  the  Mapico  1100  yellow  gave  the  desired  olive  green. 

Although  suspensions  containing  34.68X  UU  carbon  have  been  prepared 
and  are  sprayable,  stabilization  of  viscosity  during  storage  remains 
a  problem.  Unlike  the  CWS,  where  the  viscosity  tends  to  raise  during 
storage,  the  UU  suspensions  show  a  sharp  decrease  during  the  first 
24  hours  after  mix  and  continues  to  drop  during  storage.  Although 
the  thixotropic  gel  will  hold  the  carbon  in  suspension  and  Is  stable 
from  that  standpoint,  attempts  to  stabilize  the  viscosity  over  30  days 
and  longer  storage  were  unsuccessful. 
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Solvent,  Water/Alcohol  60/40  By  Vol. 


MIXING  TECHNIQUE:  Homogen izer,  min. 


CHARACTERISTICS 


Ijscosjty,  C| _ 

In*d. 

After  #4  fl  10  KPH 
Mix 

.1  DOM 


*4  t«  10  RPM 


1 7,000  18,000  1 5,200 1  1 3,000  11,000  J” 

13,500  16,200!  14, 800 1  12,900  I0,800‘ 

-  — j-  p  f” 


6,450!  5,525 


TABLE  XXIII 


:  1100  Yellow _ 


Corrosive  Inhibitor  (1)  Na2Cr^4 

Solvent,  Water/Alcohol  60/40  By J/ol^,_jni  756 
MIXING  TECHNIQUE  ;  Homogen i zar.  minutes  30 


"  T  756 


756 
30  • 


CHARACTERISTICS _ . 

Viscosity,. Cf 
.  .  Hellpatii  "C' 

lined.  -■  r 

After  .14  J  JO.  RPM 
M1x  //4  fc>  20  RPM 


Hi  m  RPM 

After  Ml£?thJCl 
24  #4  \i  10  RPM 

Hours 


After 

7 

Days 


After 

14 

Days 


JAJL20£tL 


%ellpath  "C" 
#4  g  10  RPM 
#4  0  20  RPM 


Hell  path  "C” 
#4  €>  10  RPM 


12,000  8,500  9,000 

9.400  .5,600. ...6,600 
4,800  2,950  3,400 

i mmmmmmmmmm  w  ■  . 1  . . . 

14,000  4.000  7.000 

9.900  2.600  _ 4*500 

5,175  1,4/5  2,400 


6,000 

.3.825 

2,075 

»w  ri'  ’too 

,J?x300. 

850 


13,000  19,000 j. 

_9JL4oo_j4,3q°  ! 
5,150  7,400] 

._i,500._.5JflC)0L 

_ L3.QQ.-_2j6P.qI.. 

1,275  1,6751 


TABLE  XXV 


Viscosity,  cps  x  1000 


- - - r .  i - 1 - r 

1  2  3  k 

%  Da rvan  No.;  2  Dispersant 

i  I 

*  ;  f  . 

FIGURE  4  -  EFFECT  OF  %  DISPERSANT  ON  UU  CARBON  SLURRIES 
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TABLE  XXVI 


FORMULATION  NO. 


COMPOSITION  BY/WT 


CARBON  SUSPENSIONS 

UU  CARBON  -  CORROSION  INHIBITOR 

- - T - r . r- 


170 


i 


179 


4- . —I 

Actual  Wt. 


i  i 


Carbon  U'J 

455  9,; 

455  g 

l 

j 

Thixotrope  (1)  Bentonite 

1  6  g 

6  g 

i 

(2) 

l 

1 

—  1 

(3) 

1  1 

\ 

i_ 

(4; 

1 

I 

1 

Dispersant  (1)  Darvan  No.  2 

1  .  _ 

[  2i_9J 

I  24  g 

i 

(2) 

! 

[ 

1 

1 

(3) 

1 

!  1 

I 

(4). .  1 

Pi gment  1 100  Yel low 

;  60  .9  j 

60  S 

Corrosive  Inhibitor  (1)  Na2Cr°4 

i 

6  JLi 

< 

(2)  N^si°, 

1 _  !  ii. 

! _ 

Solvent,  Water/Alcohol  60/40  By  VoI.}  ml 

L  756  ; 

756 

MIXING  TECHNIQUE;  Homogenizer,  minutes 

1 

0 

CO 

30 

1 

I 

r 


i- 


CHARACTERISTICS _ 

Viscosity  Cf  . 
ImeO.  Hei  ■!*a  "L" 


After 

Mix 


.#4.fJ0  RPM 
;> 4  t?  20  RPM 


j 13,000  -62,000 
1  i,  COO  121 ,  800  ; 


After 


3._500]5AJ000| 


nours 

£1  K.  4  it- as:1 

. iA  ±2Q.m _ 

_  'lW'L 
\11]1 

;  C4.  ^ 

12,000 ! 

After 

7 

Hellpath  "C" 

#*  9  3  RPM 

850. 

1  ,  1  ~ 

Days 

After 

I  -Y 

uays 

After 

30 

Days 


#4  20  RPM 

Hellpath  "C" 
>4  j  RPM 

,M  4  40  RP.M  „ 
Hellpath  "C" 


bz5  -*  tj  f 

—  t— .~V-  .  r 

6oo  2  3 

- .* — JA- - - 


550 1 
475 


IQ 


*4  0 


RPM 


,5og : 

450 


#4'  £  2u  RPM 


425 


_  -Ph  . . - 


l±±-AJd-L- 


■+—  - — 

4— 


- j.  - . 


J _ 


TABLE  XXVI  I 


FORMULATION  NO. 

COMPOSITION  BY/WT. 

Carbon  uu 

Thixotrope  (1)  Bentonite  _ 

_.(?)_ . . . . 

(3)  . . 

_ (.11. . . . . 

Dispersant  (1)  Da rvan  No.  2 

.  (2) 


CARBON  SUSPENSIONS 
UU  CARBON  -  MIXING  TIME  EVALUATION 

-  -  -  j  j  ;  . 


-f - -r- . t 

-t - i - f 


Pigment 


_JL21 


195  i  196  1 

197  J _ 

Actual  Wt. 

i 

455  g  ■  455  g  , 
J>  g  +  6  g  ; 

455  £  ■ _ 

^  a.*. . 

i 

24  2  t  24_.a., 

i 

i 

"t — 
.  24..a|  _ 

-  7 

i 

60  q  60  g 

60  q' 

) 

_  i  .  _ i. 

..  6  jg. _ 

756  j_  756 

90  !  120  ‘ 

756  ; . . 

J80  J_ _ 

CHARACTERISTIC 


\,iscosJ.tyJl  CP  . 

i  | 

I  men. 

He li path  "C" 

j 13,000  |27, 000 

21,500  j 

30,000 ; 49,000  J 

After 

H  0  10  RPM 

9,400.18,800 

16,900  .. 

22,000.29,000  • 

Mix 

4  0  20  RPM 

.  5^150  [10,050 

9 ,000  • 

' 1 ,800 . 16,000 

After 

Holi^ath  ;;c-.  _ 

3.500  9,000 _ 

10,000 

•  -  .  -f  - 

15,500  24,000 

24 

ii.  :LJC.  RPM.  „ 

..  „J.i2994  6^00  ; 

7,600 

11,000  19,600 

Hours- 

.  ia  u  ;.pm  . 

1,275^3,975 

4,300 

6,200  10,800 

Helipath  "C" 

1,200;  5,000 

7,000  ■ 

13,000  20,500  j 

mt  ter 

7 

9  10  RPM 

8501  3,500 

4,700 

8,000  15,100  1 

Days 

_ *4  A  20.  RPM 

o25  2,250 

2,550 

4,725  8 , 4C0 

Helipath  "C" 

800  4,000 

6,000 

10,000  23,000  ; 

After 

~  - - - ~ - - -  •  . . 

.  .. 

14 

>4  j  10  RPM 

;  550  3,000 

4,500 

7,600  1 7 , vjO 

ujys 

f4  y  20.  RFi?..._ 

......  ...  .475.  .MSp 

2 , 650 

4.600  5,700 

Helipath  "C" 

500  5,000 

10,000 

1 6.00c  :4.coc  ! 

•<ftev 

.  r.  ..  -  -  -  - 

30 

</4  o;  ;0  RPM 

450  3,550 

6,300 

11,500  22,700 

Days 

#4  L  00  iC  '1 

425  2,350 

3 ,9uu 

6 , 750'  12,4..  0 

_PH  .. 

. .  j..>_5...i.  9.6  ,  . 

9.6 

^  .  0  ]  0  \ 

.  .  4..  .  i 

So 

Ivent  Content,  Z 

1  58.9  . 

.0 •  j  , 

FORMULATION  NO. 
COMPOSITION  8Y/WT. 

Carbon 


TABLE  XXVI  I  I 

CARBON  SUSPENSIONS 

UU  CARBON  -  PIGMENT  EVALUATION 

T  '  '  7 

203 


170 


20 A  _j_  205. 


UU 


!  _455_gj_455_g  i  455  g_;  455  g  | 


Jhixotrope  (1)  Bentonite 

__  iiL  _ . . . . 

_ (.3) 

(A) _ _ 


f 


-9-1 _ Ll 


Actual  Wt. 


6  g  |  6  g 


Pigment  (1)  1  1 00  Y ejlow. 


-I' 


T 


4- 


i  60.  g  j  65  g 


_ (2)  Cad  Yel  low/Cad  Orangje _ [_  |  56/5  g, 

( 3)  Azo  Yellow  j _  ' 


Ml 


Dispersant:  Darvan  No. _ 2_ 


-t  24.  a  l-  ^.g 


Corrosive  Inhibitor  (1)  Na2Cr°4  ■  6  g  |  6  g 


Ml 


solvent,  Water/Alcohol  60/40  By  Vo  1 . ,  ml  756 


MIXING  TECHNIQUE:  Homogenizer,  Minutes 


30 


756 

30 


65  g  ' 


_2_4g _ 24  g  ; 


6 

756 


1 

4 


- 


_i_.756._4. 


30  I  30 


CHARACTERISTICS 


Viscosity,  Cf 


I  men . 

Al  c-?r 
Mix  . 

Hell  path  “C" 
#4  §  10  RPM 

t°  20  RPM 

.  .. 

1 13,000  j3 3 > 000 

j  8,600  122,000  ; 

:  4,750  il  1  ,800  i 

29,000 

19,800 

10,400 

44,000 
;  17,400 
10,600 

! 

r 

! 

After 

24 

Hours 

Helipath  "L" 

ijmlio^opp^ 
2,300  '  7,900  j 

.  8,i00_ 

38,000 

i 

*4  U  IQ  RPM 

6,200 

1 5,400 

r 

SKmUlHbt 

:  i,A5o  ; 

4,550  i 

3,625 

7,800; 

Color , 

i  0 1 i ve  | 

Olive  1  Dark 

Wet 

■  Green  I 

Green  1  Green  i 

B 1  ack 

I 

Color, 

Olive 

—  X.  - - 

Olive 

Da  rk 

Dry 

Green 

Green 

Green 

:>  1  a  c  k 

r  " 

- f—  . .  - 

1 

- 

— 

—  — - 

— 

j.ri 

:  |  j 

1 

1 

. .  ..1  . 

m 


The  optimum  formulation  for  the  UU  coconut  shell  based  carbon  is 
made  as  follows: 


Ingredient 

Actual  Weight 

Percent  Formula  Wt. 

Carbon:  UU 

455  g 

34.68 

Thixotrope:  Bentonite 

6  g 

.46 

Dispersant:  Darvan  No.  2 

24  g 

1.83 

Pigment:  1100  Yellow 

65  g 

4.95 

Corrosion  Inhibitor:  Sodium  Chromate 

6  g 

.46 

Mix  Time:  Sixty  (60)  minutes  using  the  l-l  Laboratory  Homogenizer 
Typical  Viscosity  at  24  hours  8,000  cps  Helipath 

after  mixing  6,000  cps  #4  @  10  RPM 

3,450  cps  #4  @  20  RPM 

pH  Value  1 .5  u  (avg. ) 

0.  The  Formation  of  Thixotropic  Gels 

In  working  with  the  four  different  based  carbons,  it  has  been  observed  that 
during  the  first  three  days  storage  of  certain  carbon  slurries,  a  thixo¬ 
tropic,  non-pourable,  uniform  gel  is  formed.  This  is  considered  a  very 
important  and  desirable  condition  in  that  it  prevents  the  settling  out  of 
the  carbon  particles.  It  is  believed  that  this  gel  forms  as  a  result  of 
the  interaction  of  bentonite  with  the  active  carbon. 


This  gel-like  structure  is  very  shear  sensitive  and  can  be  easily  made  fluid 
by  one  or  two  shakes  of  the  container. 

It  can  be  concluded  from  the  data  presented  in  Table  XXIX  that  slurries 
with  high  undisturbed  viscosities  as  hign  as  102,000  centipoise  (and 
possibly  higher)  can  be  easily  reconstituted  into  a  fluid  state  with  lowered 
viscosities  that  can  be  easily  sprayed.  For  example.  Formulation  No.  138 
with  an  undisturbed  viscosity  of  102,000  centipoise  reconstitutes  easily 
to  6, GOO  centipoise. 


Of  equal  importance  is  the  fact  that  the  gel-lixe  structure  will  reform 
repeatedly  after  being  reconstituted  to  the  fluid  state. 


TABLE  XXIX 


FORMATION  OF  A  THIXOTROPIC  GEL 


Form  tf 

cws 

Vi scot- i ty 

Re  const!-. 
Und ist.  tut i on ' 

Amoun  t 

F  ree 
Solvent 

Amoun  t 
Sett  1 i ng 

Gel  ■ 

Formation 

L-M-H'2^  Color 

Eas  i  1  y 
Reconst  i  - 
tuted 

Notes 

115 

70,000 

16,000 

20  ml 

0 

Yes  (L) 

G  reen 

Yes 

- 

1 16 

-- 

-- 

100  ml 

100% 

No  (H)  . 

-- 

No 

. 

117 

136,000 

8,000 

82  ml 

50% 

Yes  (M) 

Green 

Yes 

116 

-- 

-- 

100% 

No  (H)  . 

Green 

No 

- 

120 

40,000 

.  1,200 

23  ml 

0 

Yes  (L) 

Green 

Yes 

137 

>200,000 

3,000 

6  ml 

0 

Yes  (H) 

Green 

No 

Very  heavy 

gl ue- like 

!  4  1 

140,000 

2,000 

3  ml 

0 

Yes  (M) 

Green 

Yes 

144 

74,000 

2,000 

8  ml 

0 

Yes  (L) 

Green 

Yes 

145 

163,000 

34,000 

1  1  ml 

0 

Yes  (H) 

Green 

Yes 

Hard  gel  bi 

easily  re- 

cons  t i tutec 

ACC  ^ 

1 

l 

: 

122 

65,000 

30,000 

6  ml 

0 

Yes  (L) 

Black 

Yes 

123 

58,000 

24,000 

15  ml 

0 

Yes  (1) 

Black 

Yes 

124 

74,000 

14,000 

20  ml 

0 

Yes  (L) 

B1  ack 

Yes 

125 

50,000 

12,000 

27  ml 

0 

Yes  (L) 

B 1  ack 

Yes 

126 

70,000 

17,000 

9  ml 

0 

Yes  (M) 

B  1  ack 

Yes 

L 

, 

i 

0 


('^Re-constituted.  Helipath 

(2) 

'  Light,  Medium,  Hard 

(-^Suspension  Prepared  with  ,7u  Particle  Size  Carbon 
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TABLE  XXIX  (CONT'D) 
FORMATION  OF  A  THIXOTROPIC  GEL 


Form  ft 
UU 

Vi  s  cos i ty 

Recons ti- 
Undist.  tut  ion'’' 

Amount 

F  ree 
Solvent 

Amount 

Settling 

Gel 

Forma  t i on; 

L-M-H'^l 

Color 

Eas  i  ly 
Reconst i 
tuted 

100 

>200,000 

30,000 

9  ml 

0 

Yes  (M)  ’  ' 

G  reen 

. 

Yes 

129 

136,000 

50,000 

6  ml 

0 

Yes  (M) • 

Green 

Yes 

130 

1 10,000 

15,000 

34  ml 

0 

Yes  (M) 

Green 

Yes 

131 

>200,000 

27,000 

34  ml 

0  • 

Yes  (M) 

G  reen 

Yes' 

132 

100,000 

10,000 

39  ml 

0  . 

Yes  (L) 

G  reen 

Yes 

138 

102,000 

6,000 

21  ml 

0 

Yes  (L)  .. 

Green 

Yes 

139 

74,000 

5,000 

16  ml 

.0 

Yes  (Lh. 

Green 

Yes 

140 

82,000 

17,500 

1 8  ml 

0 

Yes  (L)  . 

Green 

Yes 

DARCO  K 

97 

B 

57,000 

19,000 

7  ml 

0 

Yes  (L) 

G  reen 

Yes 

104 

>200,000 

1 1 ,000 

.  62  ml 

303;  ' 

No '(H) 

Green 

Yes 

106 

>200,000  . 

15,000 

44  ml 

303; 

No  (H) 

Green 

No 

1 12 

44,000 

19,000 

7  ml 

6 

Yes  (L) 

Green 

Yes 

113 

30,000 

9,500 

5  ml 

0 

'  Yes  (L) • 

Green 

Yes 

105 

29,000 

5,000 

13  ml 

0  . 

Yes  (L) 

Green 

Yes 

133 

90,000 

36,000 

2  ml 

0 

Yes  (l) 

Green 

Yes 

136 

104,000 

i  28,000 

2  ml 

0 

Yes  (L) 

Green 

Yes 

11*2 

1  130,000 

:  32,000 

2  ml 

0  . 

. 

Yes  (L) 

Green 

Yes 

11*3 

1  108,000 

1 

f 

!  28,000 

6  ml 

1 

1 

0  • 

Yes  (L) 

Green 

Yes 

Notes 


-53- 


III.  SPRAYING  AND  ADHESION  TESTING 


To  begin  spraying  experiments  with  each  of  the  optimized  formulations,  two 
24"  x  24"  aluminum  test  panels  were  spray  coated  with  1  mil  of  chromate 
primer  and  1  mil  of  OG  lusterless  alkyd  lacquer.  Test  tabs  (1  in*)  were 
coated  along  with  the  panel  and  were  used  for  determining  the  amount  of 
carbon  deposited  on  the  surface  after  each  test.  The  standard  sprayer 
unit  equipped  with  the  standard  nozzle  and  .033"  diameter  atomizing  hole 
was  used  to  test  each  of  the  different  based  carbons.  Figure  V  and  VI 
show  the  spray  set-up  and  coated  test  panel. 

Spray  Test  No.  12  -  CWS  Carbon 

The  optimized  formulation  as  discussed  in  Section  I-C  was  used  for  this 
test.  The  viscosity  measured  in  the  14,000  centlpoise  range.  The 
standard  sprayer  was  filled  with  1  liter  and  pressurized  to  200  psi  from 
a  nitrogen  (standard  2500  cubic  feet)  tank.  The  24"  x  24"  test  panel  was 
set  90°  to  the  sprayer  nozzle  at  a  distance  of  5  feet.  One  pass  was  made 
over  the  entire  panel.  As  the  slurry  tends  to  be  broken  up  into  very 
small  droplets,  one  pass  was  not  sufficient  to  cover  the  surface  of  the 
panel.  Two  additional  passes  were  then  made  which  covered  the  surface 
completely.  After  allowing  the  coating  to  dry,  the  test  tabs  were 
removed  to  determine  coverage. 


Test  Tab  No. 


Carbon  Deposited 


1  22.4  mg/cmf 

2  19.2  mg/cm* 

3  21.9  mg/cmp 

4  19.6  mg/cm* 

Because  the  slurry  is  being  dispensed  in  very  small  droplets,  requiring 
2-3  passes  for  complete  surface  coverage,  high  carbon  deposits  are  being 
recorded  as  shown  above. 

Spray  Test  No.  13  -  Darco  KB  Carbon 

The  same  general  procedure  was  used  to  test  sprayability  of  the  Darco  KB 
suspensions.  The  viscosity  measured  in  the  17,000  centipoise  range.  A 
total  of  3  passes  was  made  over  the  panel  with  the  following  coverage. 


Test  Tab  No. 


Carbon  Deposited 


12.6  mg/cnu 
11.8  mg/ cm i 
10.4  mg/ cm- 
9.7  mg/ cm* 


Again  the  spray  was  in  the  form  of  very  small  droplets  requiring  multiple 
passes  for  complete  surface  coverage. 


-54- 


Spray  Test  No.  14  -  ACC  Carbon 


Althou^i  the  ACC  suspension  sprayed  better  than  did  the  other  carbon 
slurries,  the  surface  coating  was  similar  to  that  of  the  previous  tests. 
Again  the  spray  was  in  the  form  of  small  droplets.  The  viscosity  measured 
in  the  6,000  cps  range.  After  3  passes  over  the  test  panel  the  coverage 
measured  as  follows: 


Test  Tab  No. 


Carbon  Deposited 


1  10.6  mg/cn£ 

2  10.1  mg/cmf 

3  10.4  mg/cmf 

4  10.8  mg/cni 

The  spray  tests  conducted  on  the  UU  suspension  gave  results  very  similar 
to  those  obtained  using  the  CUS  and  Darco  KB  slurries.  Each  test  tab 
showed  an  average  of  12  mg/cm2  carbon  coating. 

By  considering  stability  and  sprayability  of  the  different  carbon  based 
thixotropes,  the  suspension  prepared  with  the  ACC  activated  carbon  was 
chosen  for  additional  spray  tests. 

Spray  Test  No.  15  -  ACC  Carbon 

To  further  test  the  sprayability  of  the  ACC  suspensions,  a  standard 
DeVilbiss  paint  spray  gun  was  used  to  prepare  a  test  panel.  The  spray 
gun  was  a  type  MBC  with  AV15EX  head  and  DEX  needle  and  was  operated  at 
68  psi  air  pressure. 

From  a  distance  of  15-18  inches,  2  passes  were  made  over  the  test  panel. 

The  resulting  spray,  fog  rather  than  droplets,  gave  a  uniform  even  coating. 
The  test  tabs  were  weighed  for  coverage  and  the  following  results  were 
obtained.  * 


Test  Tab  No. 


Carbon  Deposited 


4.56  mg/cn£ 
3.72  mg/cm^ 
4.43  mg/cm~ 
3.72  mg/cni 


For  comparison,  a  spray  test  was  made  with  the  same  ACC  suspension  but 
spraying  with  the  standard  apparatus.  From  a  distance  of  5  feet,  operating 
at  200  psi  nitrogen  pressure,  3  passes  were  necessary  over  the  test  panel 
to  cover  the  surface.  The  test  tabs  measured  the  following  coverage. 


Test  Tab  No. 

1 

2 

3 

4 


In  viewing  Figures  VII  and  VIII,  it  can  be  seen  that  a  more  uniform,  even 

coating  is  applied  using  the  DeVilbiss  gun  than  was  possible  with  the 

existing  standard  spray  unit.  The  panel  prepared  with  the  standard 
apparatus  has  the  larger  carbon  deposit  (8-9  mg/cm2)  but  has  evidence 
of  uncoated  areas  caused  by  the  droplet  form  spray. 

It  can  be  concluded  from  the  above  tests  that  with  some  modification  to 
the  standard  spray  apparatus,  the  ACC  carbon  slurries  can  be  sprayed 
satisfactorily  to  give  the  desired  3-4  mg/cm2  activated  carbon  coating. 

B.  Adhesion  Tests 

Adhesion  tests  were  next  performed  using  formulations  as  described  in 
Section  I-C.  In  preparing  for  abrasion  tests,  three  aluminum  panels 
3"  x  6"  were  coated  with  1  mil  of  chromate  primer  and  1  mil  of  lusterless 

OG  alkyd  lacquer.  These  test  panels  along  with  test  tabs  were  then 

coated  with  the  activated  carbon  slurry  as  follows: 

Spray  Gun:  DeVilbiss  Type  MBC 

AVI  5-EX  Nozzle/DEX  Needle 

Distance:  15-18  Inches  panel  to  spray  gun 

Pressure:  100  pounds  air  pressure 

Passes:  2  in  7-10  seconds 

After  drying  for  twelve  hours  at  72°F  and  50%  R.H.,  the  test  tabs  were 
reweighed  to  determine  coverage.  Figures  IX  and  X  show  the  test  panel 
before  and  after  spraying. 

2 

Terry  cloth  strips  3.16  x  3.16  centimeters  (10  cm  surface  area)  were 
cut  for  abrasion  pads.  A  10  mil  thick  rigid  plastic  film  was  placed 
over  the  terry  cloth  to  evenly  distribute  the  100  gram  weight.  The 
weighed  terry  cloth  was  dragged  over  the  carbon  coating  at  a  rate  of 
5  inches  per  minute  using  the  Instron  Test  Machine  (see  Figures  XI  and 
XII.  The  percent  carbon  loss  was  calculated  as  follows: 


Carbon  Deposited 

8.2  mg/ cm- 
7.8  mg/cnC 

9.2  mg/cmo 
8.1  mg/cm4- 


Where: 


W,  -  W,  2 

--  a  -  -  =  WA  (gm/cm  ) 

"a 


%  -  WT  2, 

— -  =  WR  (g/cm  ) 

*A 


W  o 

J.  x  100  *  %  (g/cm2)  Carbon  Loss 

“a 


Weight  of  test  panel 

Weight  of  carbon  coated  test  panel 

Amount  of  carbon  coating  per  unit  area 

2 

Area  of  test  panel  in  cm 

Weight  of  test  pane1  after  abrasion 

2 

Area  of  the  abrasion  path  in  cm 
Amount  of  carbon  abraded  away 


Table  XXX  shows  results  of  the  abrasion  tests  for  each  of  the  different 
Itll  citoT  It  can  be  seen  that  all  carbons  are  well  within  the  maximum 

allowable  loss  of  25%. 
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TABLE  XXX 


ABRASION  RESISTANCE  OF  ACTIVATED  CARBON 
DEPOSITED  ON  ALKYD  LACQUER  COATED  SURFACES 


Carbon 

Test  Panel 
Number 

Carbon  Coating 
mg/ cm2 

Carbon  Loss 
Percent 

1.  CWS 

1 

3.87 

3.30 

Coal  Based 

2 

3.36 

6.06 

3 

3.55 

2.84 

2.  Darco  KB 

10 

5.12 

4.78 

Wood  Based 

11 

5.49 

4.58 

12 

4.99 

5.18 

3.  ACC 

7 

4.01 

6.36 

Petroleum  Based 

8 

4.80 

7.19 

9 

3.83 

6.71 

4.  UU 

4 

3.87 

12.09 

Coconut  Shell  Based 

5 

3.75 

8.92 

6 

3.27 

6.74 
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IV. 


CONCLUSIONS 


Ingredients  for  the  formulation  of  an  activated  carbon  loaded  thixotrope 
have  been  selected.  Each  of  the  different  based  carbons  has  been  evaluated 
for  stability,  sprayability,  color  and  adhesion  to  a  surface.  Optimized 
formulations  of  each  system  are  shown  in  Section  II-C. 

Spray  tests  were  conducted  with  each  of  the  different  carbon  suspensions  for 
sprayability,  coverage  and  effective  distance.  The  ACC  thixotrope  was 
selected  as  the  system  best  fulfilling  the  program  performance  requirements 
using  sprayability,  viscosity  and  stability  as  the  selection  criteria. 

Adhesion  tests  were  conducted  to  determine  percent  retention  of  carbon  on 
a  painted  surface  after  being  subject  to  drag  test.  It  was  found  that  each 
of  the  different  based  carbons  has  sufficient  adherence  to  remain  below  the 
allowable  25%  loss. 


V.  FUTURE  WORK 

Work  during  the  next  reporting  period  will  be  as  follows: 

1.  Optimization  of  spraying  apparatus  and  techniques. 

2.  Work  will  begin  on  dry  formulations  for  clothing  and  individual  equipment 
decontaminants.  These  dry  forms  will  contain  an  activated  carbon  (CWS), 

a  filler  such  as  asbestos  or  micronized  nylon,  and  a  pigment  such  as  iron 
oxide.  This  formulation  will  be  incorporated  into  a  loosely  woven  pad. 
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FIGURE  5  -  SPRAY  TESTING  APPARATUS  TO  DETERMINE 
SPRAYABILITY  AND  COVERAGE 


FIGURE  7  -  CLOSE-UP  OF  ACTIVATED  CARBON  COATING 
SPRAYED  WITH  THE  STANDARD  SPRAYER  APPARATUS 


FIGURE  4>  -  CLOSE-UP  OF  ACTIVATED  CARBON  COATING 
SPRAYED  WITH  A  DEVILBISS  M8C  SPRAY  GUN 


FIGURE  12  -  CLUbt-UP  bMUWiNb  iuu  ^kmh 
WEIGHT  AND  TERRY  CLOTH 


